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Polycyclic Aromatic Hydrocarbons Polycyclic Aromatic Hydrocarbons 
(PAHs)(PAHs)

Enter water column & sedimentsEnter water column & sediments
•• Dust and precipitationDust and precipitation
•• Discharges from industrial/wastewater Discharges from industrial/wastewater 

treatment plantstreatment plants
•• LandLand--based runoffbased runoff

Near shore areas Near shore areas 
•• Spawning groundsSpawning grounds
•• Embryo development susceptible to Embryo development susceptible to 

PAHsPAHs



Pyrene

Signaling Pathway

http://www.stanford.edu/group/whitlock/newresearch.html
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ObjectiveObjective

Determine if pyrene activation of AhR2 Determine if pyrene activation of AhR2 
or hypoxiaor hypoxia--activation of HIF1activation of HIF1--αα results results 
in inhibition of the other, resulting in in inhibition of the other, resulting in 
reduced developmental toxicity reduced developmental toxicity 
associated with pyrene or hypoxia associated with pyrene or hypoxia 
alone in embryonic alone in embryonic Cyprinodon Cyprinodon 
variegatusvariegatus



Laboratory ExposuresLaboratory Exposures

Study 1 Study 1 –– Hypoxia ExposureHypoxia Exposure
•• 66––8 8 ppmppm
•• 11--2 ppm2 ppm

Study 2 Study 2 –– Pyrene ExposurePyrene Exposure
•• 0, 20, 60, 150 ppb0, 20, 60, 150 ppb

Study 3 Study 3 –– Combined ExposureCombined Exposure
•• 66--8 8 ppmppm
•• 11--2 ppm2 ppm
•• 0, 20, 60, 150 ppb0, 20, 60, 150 ppb



GoalsGoals
Determine developmental toxicity Determine developmental toxicity 
endpoints (preendpoints (pre-- & post& post--hatch)hatch)
•• delayed developmentdelayed development
•• curvaturecurvature
•• pericardial / yolkpericardial / yolk--sac edemasac edema
Use q RTUse q RT--PCR to measure expression PCR to measure expression 
levels at 12, 24, 48, 96, & 432 hpflevels at 12, 24, 48, 96, & 432 hpf
•• CYP1A1CYP1A1
•• VEGFVEGF

Cloned CYP1A1, VEGF, & 18S rRNA partial nucleotide Cloned CYP1A1, VEGF, & 18S rRNA partial nucleotide 
sequencessequences
Designed geneDesigned gene--specific primersspecific primers



Study 1 Study 1 –– Hypoxic Embryonic DevelopmentHypoxic Embryonic Development
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Study 1 Study 1 –– Hypoxia ExposureHypoxia Exposure

37 % *62 % *11Hypoxia

98 %100 %5Normoxia

Total
Survival
(18 dpf)

Total
Hatch

Days to
Hatch
(dpf)

* Indicates significance between control, where p ≤ 0.05



Study 1 Study 1 -- HypoxiaHypoxia--Exposed FryExposed Fry

2.07 mm

Retarded 
Growth

A

2.16 mm

Scoliosis 
Curvature

B

Pericardial 
Edema1.78 mm

C

1.65 mm

Yolk-Sac 
Edema

D



Study 1 Study 1 –– CYP1A1 & VEGF ExpressionCYP1A1 & VEGF Expression

↑ (normoxia)
– (hypoxia) 

– (12,48,96 hpf)
↓ (24 hpf)
↑ (432 hpf)

VEGF

nd (12 hpf)
↑ (all)

nd (12 hpf)
– (24-96 hpf)
↑ (432 hpf)

CYP1A1

Time-ResponseDose-Response

nd = not detected



ConclusionsConclusions
Hypoxia causes longHypoxia causes long--term responses in term responses in 
the overall stress of the overall stress of C. variegatusC. variegatus
•• Delayed development / hatchingDelayed development / hatching
•• Significant mortalitySignificant mortality
•• Retarded growthRetarded growth
•• CurvatureCurvature

VEGF involved in normal developmentVEGF involved in normal development
Hypoxia appears to halt VEGF expression Hypoxia appears to halt VEGF expression 
in embryosin embryos
CYP1A1 unaffected by hypoxic conditionsCYP1A1 unaffected by hypoxic conditions



Study 2 Study 2 –– Pyrene ExposurePyrene Exposure

m = 100 % mortality before conclusion of exposure

* Indicates significance from all remaining treatments, where p ≤ 0.05 as 
determined by ANOVA

mm61 % * 5150 ppb
m9 % *98 %560 ppb

5.09±0.12 *80 %98 %520 ppb
5.87±0.1388 %98 %5DMSO
5.93±0.0793 %100 %5CTL

Standard 
Length 
(mm)

Total 
Survival
(18 dpf)

Total
Hatch

Days to 
Hatch
(dpf)



Study 2 Study 2 -- PyrenePyrene--Exposed FryExposed Fry

A   =   60 ppb

B-E = 150 ppb

3.31 mm
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Bent
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Study 2Study 2-- CYP1A1 & VEGF ExpressionCYP1A1 & VEGF Expression

↑ (all)– (all)VEGF

nd (12 hpf)
↑ (all)

nd (12 hpf)
↑ (all)

CYP1A1

Time-ResponseDose-Response

nd = not detected



ConclusionsConclusions

Pyrene caused toxicity in fryPyrene caused toxicity in fry
•• pericardial/yolk edemapericardial/yolk edema
•• dorsal curvaturedorsal curvature
•• reduced growthreduced growth
•• significant mortalitysignificant mortality

CYP1A1 is a pyreneCYP1A1 is a pyrene--inducible geneinducible gene
•• DoseDose--dependentdependent
•• TimeTime--dependentdependent

VEGF is independent of pyrene dosageVEGF is independent of pyrene dosage
•• TimeTime--dependentdependent



Study 3 Study 3 –– Combined ExposureCombined Exposure

m0 %-150 ppb – Hyp
m0 %-60 ppb – Hyp

17 % **2 % **1420 ppb – Hyp
49 % *55 % *12CTL – Hyp
99 %100 %5CTL – Norm

Total
Survival
(18 dpf)

Total
Hatch

Days to
Hatch
(dpf)

m = 100 % mortality before conclusion of exposure

- = 0 % hatch success exposure

* Indicates significance from CTL-Norm

** Indicates significance from both controls



Study 3 Study 3 –– CYP1A1 & VEGF ExpressionCYP1A1 & VEGF Expression

↑ (CTL-Norm)
– (CTL-Hyp)
↑ (Pyrene-Hyp)

– (12-96 hpf)
↑ (432, CTL-Hyp)
– (432, 20ppb-Hyp)

VEGF

nd (12 hpf)
↑ (all)

nd (12 hpf)
↑ (all)

CYP1A1

Time-ResponseDose-Response

nd = not detected



Study 3 Study 3 –– VEGF Expression VEGF Expression 
(432 hpf)(432 hpf)
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Study 3 Study 3 –– VEGF ExpressionVEGF Expression

0

0.5

1

1.5

2

2.5

3

3.5

CTL - Norm CTL - Hyp 20 ppb - Hyp 60 ppb - Hyp 150 ppb - Hyp

VE
G

F 
R

el
at

iv
e 

Fo
ld

-C
ha

ng
e

12 hpf
24hpf
48 hpf
96hpf
432 hpf

*

** *
*

*

***

***
******

****



ConclusionsConclusions
Combined exposure results in severe embryonic Combined exposure results in severe embryonic 
toxicitytoxicity
•• No hatchingNo hatching
•• Significant mortalitySignificant mortality

CYP1A1 regulation unaffected by hypoxiaCYP1A1 regulation unaffected by hypoxia
•• Significantly upSignificantly up--regulatedregulated

DoseDose--dependentdependent
TimeTime--dependentdependent

VEGF expression altered by hypoxia but NOT pyreneVEGF expression altered by hypoxia but NOT pyrene
•• NOT Dose DependentNOT Dose Dependent
•• TimeTime--Dependent Dependent 

Significantly upSignificantly up--regulatedregulated



CrossCross--Talk?Talk?

Still Unclear . . .Still Unclear . . .

HIF1HIF1--αα levels NOT measuredlevels NOT measured
•• Negative regulator of HIF1Negative regulator of HIF1--αα may be may be 

induced induced 
ProlylProlyl HydroxylaseHydroxylase--33

Inhibition of HIF1Inhibition of HIF1--αα pathway by pathway by 
combined doses of pyrene & hypoxiacombined doses of pyrene & hypoxia
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